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Abstract   The article describes the results of the measurement to evaluate the operation characteristic of o-ring seals 
in case of the operation with vegetable oils. The measurements were made on the model of a sealing node 
in hydraulic cylinder, where the round cross section seal cooperated with the piston rod. The changes of the 
friction force during rod movement resulting from the friction between the seal and the rod were analysed. The 
tests were carried out with two vegetable oils mostly used in industry: rape oil and soybean oil. The products 
based on vegetable oils can be an alternative to products made on the basis of petroleum. However, vegetable 
oils are characterized by other properties than mineral oils. The physical and chemical properties of vegetable 
oils depend on the composition of the fatty acid mixture. The observation of the influence of the occurrence 
of oxidative gelation on friction force was also conducted. In case of vegetable oils, oxypolymerization 
tendencies of these fluids are a very significant factor, which can influence the characteristics of friction nodes 
operation.
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Streszczenie  W artykule omówiono wyniki przeprowadzonych badań, których celem była ocena charakterystyki pracy 
uszczelnienia w ruchu posuwisto-zwrotnym działającego w kontakcie z olejami roślinnymi. Pomiary wy-
konano na modelu węzła uszczelniającego w cylindrze hydraulicznym. Badaną parą uszczelniającą było 
tłoczysko i pierścień uszczelniający typu o-ring. Analizie poddano zmiany siły tarcia podczas roboczego 
suwu tłoczyska oraz wpływ na ich wartość prędkości przesuwu tłoczyska. Podczas testów w celu porównania 
wykorzystano dwa szeroko rozpowszechnione oleje roślinne: olej rzepakowy i olej sojowy. Produkty oparte 
na olejach roślinnych stanowić mogą alternatywę dla tych pochodzenia mineralnego. Oleje roślinne charak-
teryzują się jednak odmiennymi właściwościami w porównaniu z olejami mineralnymi. W ich przypadku 
obserwuje się tendencję do przebiegających z czasem reakcji polimeryzacji prowadzących do zmian lepkości 
i żelowania oleju. Wpływ tych zjawisk na prace węzła uszczelniającego również był przedmiotem obserwacji. 

* Cracow University of Technology, Faculty of Mechanical Engineering, Jana Pawla II 37, 31-864 Cracow, Poland. 
** Rzeszow University of Technology, Dept of Combustion Engines and Transport, Powstańców Warszawy 8; 35-959 Rzeszow, 

Poland.

INTRODUCTION 

The issues associated with sealing have already been 
paid a lot of attention in research. Both practical and 
theoretical aspects were analysed. These are very 
important problems, if only due to the consequences, 
which can result from sealing malfunction. That is why 
this subject matter is still raised, undertaken on various 
research levels. The function, which the sealing plays in 
mechanics, is the key reason for prejudging the topicality 
of these issues. 

In order to seal two elements and enable them 
a relative motion, many kinds of seals can be applied. 

Depending on the construction, they enable leak-free 
operation in the wide range of sealing liquid pressures 
and velocities. O-rings with a round cross-section 
are the most universal, as simple and cheap solutions. 
O-rings are the most frequently used of all the seals. 
They are available in different materials. The ease 
of application is the reason why they are encountered 
in various constructions. They can operate as static 
and dynamic seals, as well as radial or face seals. In 
dynamic applications, they can operate as reciprocating, 
oscillating, and rotating seals. The seals are made of 
polymeric materials for many applications. The friction 
of this type of elastic materials on the hard surface of 
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the sealed metal element is characterized by specific 
features [L. 1–3]. 

During operation, seals have contact with sealed 
liquids. To a large extent, these are mineral oils. For 
ecological reasons, attempts are undertaken to use 
more environmentally friendly liquids. Technical oils 
in common use, produced on the base of petroleum, 
become a serious ecological problem due to their toxic 
properties. The risks connected with their application 
appear in the production stage, in the application stage 
when some leaks out-of-control can occur, and in the 
stage of further utilization of used oils. It is assessed that 
10 million tons of petroleum products penetrate into the 
natural environment every year [L. 4–7]. The damaging 
effect on the environment can be produced both by the 
oil base and by the packs of additives used to modify 
the properties of final products. In the compositions of 
lubricants, organic sulphur compounds are used because 
of their anti-friction and anti-wear properties. However, 
environmentally friendly lubricants should not contain 
mutagenic or carcinogenic substances, nor chlorine or 
heavy metal nitrates [L. 8, 9].

Products based on vegetable oils can be an 
alternative to this. There is a clear tendency for the 
practical application of the environmentally friendly 
products having a very short time of biodegradation 
like most plant oils. Besides their traditional use, they 
significantly supplement the base of industrial products 
in technological applications [L. 10–13]. It is also very 
important that plant for oils can be cultivated on the 
grounds of limited agriculture usability for technological 
purposes, for example,on industrial or contaminated 
grounds. Widening the range of the use of vegetable oils 
makes their tribological properties essential in many 
cases, and they may determine the work of friction 
nodes lubricated with them [L. 14–18]. 

The products based on vegetable oils can be an 
alternative to products made on the basis of petroleum. 
However, vegetable oils are characterized by other 
qualities than mineral oils. The physical and chemical 
properties of vegetable oils depend on the composition 
of the fatty acid mixture. Adsorption on lubricated 
surfaces and chemical reactions are two main factors 
that affect the boundary lubrication properties of oils. 
The first factor describes the ability of the oil to be 
adsorbed onto friction surfaces during a tribological 
process. Adsorption occurs due to the interaction of the 
functional groups of the vegetable oils with the friction 
surfaces. The second factor deals with the disposition of 
the vegetable oils to undergo a chemical reaction. The 
structure with long fatty acid chains and the presence 
of polar groups in the vegetable oils determine the 
lubricating properties. The triacylglycerol molecules in 
vegetable oils orient themselves with the polar end at 
the solid surface. Thanks to this, a monomolecular or 
multimolecular layer is created on lubricated surfaces. 

The aim of the paper was to evaluate the operation 
characteristic of O-ring seals in case of the operation 

with vegetable oils. The measurements were made on the 
model of a sealing node in hydraulic cylinder where the 
round cross section seal cooperated with the piston rod. 

O-RING  SEAL  CHARAKTERISTIC

O-ring seals can be applied both as a single element and 
as part of a set. Thanks to symmetrical cross section, they 
are elements of bi-directional operation. Among their 
advantages are automatic and bi-directional operations, 
simple and compact construction, easy assembly in 
a groove, and the small size of the groove itself. The 
O-ring is cost effective in purchase price and the cost 
to machine the seal groove is relatively low. The O-ring 
can be used in a wide variety of successful applications, 
both static and dynamic. Contact pressures essential to 
ensure sealing are generated by the ring elasticity forces. 
Ring compression occurs during the assembly, when 
it becomes squeezed radially or axially in the groove. 
Thanks to the squeeze, sealing is obtained even in case of 
zero pressure of the sealing liquid. The compensation of 
dimensional differences resulting from the dimensional 
tolerance of the elements is also possible. The force of 
the squeeze can also influence the friction force during 
operation. 

Systematic and detailed study on the issues 
associated with the use of o-ring seals were practically 
undertaken in the 1930s. The studies by D. Denny and 
C. Whitea in the 1940-s gave the bases for the concept 
of the operation of elastomeric seals in reciprocating 
movement. A great number of other researchers dealt 
with the problems associated with the phenomena 
occurring at the seal - counterface contact. In order to do 
this, they used numerous techniques with the aim of the 
analysis of the conditions on the contact surface between 
the seal and the shaft. 

D. Dowson and P. Swales studied the samples 
interacting with the rotating disc, as did D. Denny earlier. 
M. Schouten checked the properties of seals made of 
various materials and of different constructions. G. Field, 
B. Nau and P. Wernecke checked the pressure distribution 
and film thickness using electrical transducers, whereas 
Y. Kanzaki used optical interferometry [L. 19–24]. For 
the calculation of elastomeric seals, the inverse method 
of elastohydrodynamics, which was developed in the 
bearing theory was also adapted [L. 25–27]. 

F. Hirano and M. Kaneta searched for the 
computational solution for various gradients of liquid 
pressure under the seal [L. 28]. Their most important 
conclusion says that there is a certain lower border of the 
proportion between the length of the stroke and contact 
width, for which periodic change of the gap height under 
the seal and also hydrodynamic friction remain stable.  
Liquid dragged by the moving surface of the rod causes 
the liquid flow in the zone under the seal until the balance 
is achieved.  However, with each stroke of the rod, in 
the process of lubricating film formulation, the element 



97ISSN 0208-7774 T R I B O L O G I A  6/2017 

of randomness will play a certain part, which does not 
allow one to control the process fully [L. 29, 30]. 

By the means of numerical calculations, G. Field 
and B. Nau assessed the profile of the lubricating film 
for the set up contact stress distribution and distinct 
hardness of the seal material. L. Ruskell also conducted 
similar studies applying the general method of the 
analysis of elastohydrodynamic lubrication problems, 
developed by K. Oh and S. Rohde [L. 31, 32]. However, 
the aforementioned models do not give the possibility of 
the quantitative evaluation of the phenomena occurring 
during the sealing process. 

EXPERIMENTAL  DETAILS 

With the aim of the evaluation of the operation of the 
sealing node with the use of chosen oils, measurement 
was made on the O-ring seals. The scheme of the test 
node is shown in Fig. 1, and  particular elements of the 
test node shown in Fig. 1b. One side of the oil chamber 
was fitted with a force transducer. This allowed the 
measurement of the friction force between the seal and 
the rod. 

The rod with a diameter of 18 mm was sealed with 
the ring squeezed in the housing. The surface of the 
rod was chromed. The layer thickness amounted to 15 
μm, and the surface hardness was 57 HRC. The O-ring 
was housed in a groove, the diameter of which was 
27.60 mm. The cord diameter of the O-ring was 10 mm, 
and inner ring diameter was 18 mm.

The shaft surface interacting with the seal was 
characterised by the following roughness parameters: 
Ra = 0.04; Rz = 0.36; and, Rq = 0.06. The roughness 
profile of this surface is presented in Fig. 2. The 
rod interacts with the elastic surface of the seal of 
a considerably lower hardness. In such conditions during 
the test, the changes of the roughness parameters of the 
rod surface were not observed.

The mechanical properties of the seal material 
were as follows: Hardness: IRHD 69; Young’s modulus: 
8.4 MPa; tensile strength: 25.7 MPa; and, elongation: 
230%. 

The seals were used for experiments after a five 
minute running-in. This was done in order to obtain the 

stabilization of the operating conditions and registered 
courses of friction force during one stroke. During the 
rod stroke, the friction force between the rod and the seal 
were measured. The measurement was conducted for 
both directions of the rod movement. This means both 
during instroke and outstroke. During the tests inside the 
oil chamber, atmospheric pressure was maintained. 

In the first place, the friction force was measured 
during the continuous operation of the test stand. Then, 
the measurement was made after the break in the nod 
operation. The period when the rod remained motionless 
was 48 hours and then 1000 hours. Between the 
particular stages of the measurement, the seal surface 
was observed. A light microscope was used to do this. 

The tests were carried out with two vegetable oils 
mostly used in industry: rape oil and soybean oil. These 
oils can be used, among others, as base oils for lubricant 

Fig. 2.  The roughness profile of the shaft (Ra = 0.04; Rz = 0.36; Rq = 0.06) 
Rys. 2. Profil chropowatości powierzchni tłoczyska 

Fig. 1. The test cell; a) the schematic diagram of the test 
cell; 1 – rod; 2 – housing; 3 – seal; 4 – chamber; 5 – 
force transducer; b) the elements of the sealing rod 

Rys. 1.  Budowa testowego węzła; a) schemat: 1 –  tłoczysko; 
2 – gniazdo uszczelki; 3 – uszczelka; 4 – komora ole-
jowa; 5 – przetwornik siły; b) elementy zestawu 

a)

b)
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formulation [L. 11, 13]. The basic properties of these 
vegetable oils are presented in Table 1. The fatty acid 
parts in each of them are presented in Table 2. 

Table 1. Basic properties of oils
Tabela 1. Podstawowe właściwości zastosowanych olejów

RAPE 
OIL

SOYBEAN 
OIL

Density   [kg/m3] 918 921

kinematic viscosity  [mm2/s] 67 79

Table 2. Characteristics of examined vegetable oils 
Tabela 2.  Charakterystyka zastosowanych olejów roślinnych 

OIL RAPE OIL SOYBEAN OIL

fatty acid percentage of 
fatty acid %

percentage of 
fatty acid 

1 C12:0 - 0,1

2 C14:0 0.2 0.2

3 C16:0 2.5-7.0 8-13

4 C16:1 0.6 0.2

5 C17:0 0.3 0.1

6 C17:1 0.3 0.1

7 C18:0 0.8-3.0 2-5

8 C18:1 51-70 17-28

9 C18:2 15-30 49-59

10 C18:3 5-14 5-11

11 C20:0 0.2-1.2 0.6

12 C20:1 0.1-4.3 0.5

13 C20:2 0.1 0.1

14 C22:0 0.6 0.7

15 C22:1 2.0 0.3

16 C22:2 0.1 -

17 C24:0 0.3 0.5

18 C24:1 0.4 -

RESULTS  AND  DISCUSSION 

The changes of friction force during operation can be 
determined on the basis of the registered cycle of force 
changes in the subsequent strokes of the rod. Figures 3 
and 4 showed the changes of friction forces respectively 
for instroke and outstroke in the case of the operation of 
the friction node with rape oil. The friction forces were 
registered in stabilized operating conditions. As can 
be observed in the figures, the subsequent strokes are 
repetitive. 

The courses of the friction forces with the same 
pressure and velocity have an analogous scheme, 
with a clearly observed increase of force values in the 
first phase of the stroke. This can be observed both 
for instroke and outstroke. It was also observed that 
an average force value from the whole outstroke is 
higher in relation to the instroke. This results from the 
decrease of the thickness of lubricating film under the 
seal. For the sealing in reciprocating movement, friction 
conditions usually can be characterized as mixed friction 
conditions. These kinds of operating conditions are the 
reason for the presence of the differences in recorded 
friction force during rod stroke. In the ending points 
of the rod movement, when the relative speed of the 
surface of the rod and shaft is zero, considerably higher 
values of friction forces are observed. In the initial 
phase of the rod movement, in the beginning point of 
the outstroke, friction forces are almost 90% higher than 
in the remaining part of the stroke. The differences are 
lower for the instroke. In this case, they reach 60%. 

The course of one cycle can be analysed based 
on the conducted measurement. Figure 5 presents the 
instroke and outstroke following each other. Therefore, 
negative values depicted in the figure express friction 

Fig. 3.  Friction force on seal versus time, instroke, rape 
oil 

Rys. 3.  Siła tarcia uszczelki w funkcji czasu, skok dośrodko-
wy, olej rzepakowy

Fig. 4.  Friction force on seal versus time, outstroke, rape 
oil 

Rys. 4. Siła tarcia uszczelki w funkcji czasu, skok odśrodko-
wy, olej rzepakowy 
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Fig. 5.  Friction force on seal versus time in one stroke, rod 
velocity [mm/s]; stroke length [mm]; rape oil

Rys. 5.  Siła tarcia uszczelki w funkcji czasu podczas jednego 
pełnego suwu, prędkość tłoczyska [mm/s]; długość 
skoku [mm], olej rzepakowy

force during instroke. Additionally, the figure shows 
the movement distance of the rod and its velocity. The 
cycle shown in the figure is one chosen out of many 
subsequent ones. The period in which friction forces 
were recorded was preceded by the running-in period. 
The running-in period lasted 5 minutes. It was done in 
order to stabilize operating conditions. Therefore, it can 
be assumed that the courses are representative for given 
operating conditions. In the figure, there can be observed 
how friction forces are changing with the increasing 
velocity of the rod movement. As can be observed, the 
changes of the friction forces are lower during instroke. 
It is clearly visible that, in the middle part of the stroke, 
where the relative velocity of the elements is the highest, 
the friction force is the lowest. In such conditions, it is 
considerably easier to generate a lubricating film on the 
rod’s surface. 

Predominately, the thickness of the lubricating 
film is the main factor deciding on the friction force 
during rod movement. The thickness of the lubricating 
film on the contact surface changes depending on the 
topography of the element surface. The topography of 
the rod surface has higher significance here. However, 
the material properties of elastomeric elements also 
determine the thickness of the lubricating film. It can be 
assumed that the essential part of the value of the friction 
force is the result of the interaction on the roughness 
profile of the metal element’s hard surface. 

If we assume that, during a single stroke of the 
rod, all of the parameters determining the thickness of 
the lubricating film, excluding velocity, do not change 
considerably, we can also estimate the thickness of the 
lubricating film on the basis of the friction force. 

With the aim of a more accurate depiction of the 
influence of the relative velocity of the cooperating 
elements on friction force, the change of friction forces 
as a function of velocity during the instroke is shown in 
Fig. 6. Analogously this relationship for the outstroke 

is shown in Fig. 7. In both figures, the direction of 
velocity increase during rod movement was marked with 
an arrow from zero velocity in the beginning point of 
movement towards the maximum velocity in the middle 
part of the rod stroke. Comparing the aforementioned 
figures, we can notice that at the same velocity, we 
observe higher friction forces for the outstroke than 
during instroke. This can result from the easier liquid 
access to the sealing area during instroke. During the 
stroke, the pressure on the entry into the sealing zone is 
always higher than on the opposite side of the seal. The 
highest values of the friction force occur at low velocity 
during outstroke. 

Figure 8 presents the course of the changes of 
the friction force for the following cycles of the rod 
movement during instroke. In this case, soybean oil 
was used, and Fig. 9 shows the course of friction 
force changes for the outstroke. The figures depict the 
testsanalogous to the earlier ones, but this time  with the 
use of soybean oil. 

On the basis of friction force measurement during 
a full cycle, the behaviour of the sealing can be compared 
with the same construction parameters but various 
lubricating substances. 

 

Fig. 6.  Friction force on seal versus rod velocity [mm/s]; 
instroke; rape oil

Rys. 6.  Siła tarcia uszczelki w funkcji prędkości tłoczyska, 
skok dośrodkowy, olej rzepakowy 

Fig. 7.  Friction force on seal versus rod velocity [mm/s]; 
outstroke; rape oil

Rys. 7.  Siła tarcia uszczelki w funkcji prędkości tłoczyska, 
skok odśrodkowy, olej rzepakowy
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Fig. 8.  Friction force on seal versus time, instroke, 
soybean oil 

Rys. 8. Siła tarcia uszczelki w funkcji czasu, skok dośrodko-
wy, olej sojowy

Fig. 9. Friction force on seal versus time, outstroke, 
soybean oil 

Rys. 9.  Siła tarcia uszczelki w funkcji czasu, skok odśrodko-
wy, olej sojowy

Adsorption on the lubricated surface and chemical 
reactions are two main factors that affect the boundary 
lubrication properties of vegetable oils. The first factor 
describes the ability of the oil to be adsorbed onto friction 
surfaces during a tribological process. Adsorption 
occurs due to the interaction of the functional groups 
of vegetable oils and the friction surfaces. The second 
factor deals with the disposition of the vegetable oils to 
undergo chemical reaction by themselves or with other 
substances, like oxygen or metal, in the friction zone. 

In comparison to rape oil, the use of soybean oil 
causes a higher friction force, which is observed in the 
middle part of the stroke. However, friction forces in the 
beginning point of movement are practically the same or 
even lower. The slightly higher viscosity of the soybean 
oil of 79 [mm2/s] can explain higher friction force in the 
phase of the highest stroke velocity. During instroke, 
the friction force is only slightly higher by about 10%. 
However, during the outstroke, the difference amounts 
to about 12%. It seems that different oil viscosities and 
its different adsorption on the surface are significant 
here. Lower friction forces in the beginning points of 
movement, i.e. after the rod stops, can testify to this. 

As it was presented for the rape oil, Fig. 10 shows 
the changes of the friction force during one full instroke 
and the outstroke following it. As it was indicated 
above, soybean oil was used in the tests. Not only the 
aforementioned differences, but also higher oscillations 
of friction force during outstroke can be observed here. 
The oscillations can testify to the inhomogeneity of the 
lubricating film in the sealing zone. It seems, as it was 
already indicated in the description associated with rape 
oil, that, during outstroke, the conditions in the sealing 
zone under the ring are less conducive to generating the 
lubricating film. 

The differences in the friction forces are also visible 
in the figures showing their change as a function of the 
rod velocity. It is shown in Figs. 11 and 12, respectively, 
for the instroke and outstroke. At the velocity above 
120 mm/s, the friction force during instroke is 14% 
higher for soybean oil and amounts to 1.15 N. During 
outstroke, it is also visible that the friction force for 
soybean oil diminishes only at the speed higher than 
80 mm/s. The decrease of friction force for rape oil 
could be observed beginning with the velocity exceeding 
40 mm/s. 

Fig. 10.  Friction force on seal versus time in one stroke, rod 
velocity [mm/s]; stroke length [mm]; soybean oil

Rys. 10. Siła tarcia uszczelki w funkcji czasu podczas jednego 
pełnego suwu, prędkość tłoczyska [mm/s]; długość 
skoku [mm], olej sojowy 

Fig. 11. Friction force on seal versus rod velocity [mm/s]; 
instroke; soybean oil

Rys. 11. Siła tarcia uszczelki w funkcji prędkości tłoczyska, 
skok dośrodkowy, olej sojowy 
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Fig. 12.  Friction force on seal versus rod velocity [mm/s]; 
outstroke; soybean oil

Rys. 12. Siła tarcia uszczelki w funkcji prędkości tłoczyska, 
skok odśrodkowy, olej sojowy

One more very noticeable phenomenon in the case 
of vegetable oils is the considerable increase of friction 
force during rod starting after a long stop. Figure 13 
shows the comparison of the average friction forces in 
the initial phase of rod movement after the break of the 
unit operation. After 48 hours of the rod immobility, the 
average friction force was more than twice higher than 
after the break lasting 5 minutes. After a long break, the 
variability of the registered values of friction force was 
also very large. The process of oil polymerization has 
the influence on such an affect. In the case of vegetable 
oils, this is a very significant factor, which can influence 
the characteristics of friction nodes’ operation. 

Fig. 13.  Mean value of friction force on seal at start of the 
stroke

Rys. 13. Średnia statyczna siła tarcia uszczelki w punkcie 
zwrotnym 

Oil gelation can be observed particularly on the ring 
surface in the area close to the sealing zone. In Figs. 14–17, 
the appearances of the sealing surfaces before and after 
the tests are shown. Fig. 14 presents a clear surface 
before the beginning of the research. In Fig. 15, one can 
see the same part of the surface of the seal covered with 
the layer of polymerized oil. After 1000 hours, it was 
observed that its quantity was so large that, during the 
 

Fig. 14. Sealing surface before research
Rys. 14.  Powierzchnia uszczelniająca przed testem  

Fig. 15. Sealing surface covered with the coating of 
polymerized oil 

Rys. 15.  Powierzchnia uszczelniająca z widoczną warstwą 
spolimeryzowanego oleju 

Fig. 16. Sealing surface covered with the coating of 
polymerized oil with its large depositions 

Rys. 16.  Powierzchnia uszczelniająca z depozytami spolime-
ryzowanego szlamu olejowego 

  

Fig. 17. Sealing surface with large solid sludge banks of 
polymerized oil 

Rys. 17. Powierzchnia uszczelniająca z dużymi depozytami 
spolimeryzowanego szlamu olejowego
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rod movement, its part was peeled off and transferred 
farther. As a result of this, oil deposits can be observed 
as local thick sludge banks in various parts of the seal. 
The observations carried out on the  light microscope 
also allowed the evaluation of the size of the deposits on 
the seal surface. The sludge coating size reached 0.1 mm 
– Fig. 16. Part of this oil can gather in clusters which 
originate creating solids sludge banks 05 mm in size – 
Fig. 17.

Analysing the composition of the tested oils, we can 
notice that both rape and soybean oil contain very small 
quantities of fatty acids with a large number of carbon 
atoms, from C20 and more, and with multiple carbon 
bonds, like Arachidic acid (C20:0), Eicosanic acid 
(C20:1), Behenic acid (C22:0), and Erucic acid (C22:1). 
However, the differences in the percentage share of the 
mentioned fatty acids in the studied oils reach 100%. 
Fatty acids with multiple carbon bonds, such as C18:1 
and C18:2, have the highest percentage. 

SUMMARY  AND  CONCLUSIONS 

During the conducted research, two vegetable oils were 
used. They were rape oil and soybean oil. The oils 
were characterized by different chemical compositions. 
The physical and chemical properties of vegetable oils 
depend on the composition of the fatty acid mixture. 
Analysing the composition of the tested oils, we can 
notice that both rape and soybean oil contain very small 

quantities of fatty acids with a large number of carbon 
atoms, from C20 and more, and with multiple carbon 
bonds, like Arachidic acid (C20:0), Eicosanic acid 
(C20:1), Behenic acid (C22:0), and Erucic acid (C22:1). 
However, the differences in the percentage share of the 
mentioned fatty acids in the studied oils reach 100%. 
Fatty acids with multiple carbon bonds, such as C18:1 
and C18:2, have the highest percentage. 

Experimental research presented in this paper leads 
to the following conclusions: 
• For the assumed research conditions, at the velocity 

above 120 mm/s, the average values of the friction 
force during stroke are 14% higher for soybean oil 
in comparison to rape oil. 

• Boundary velocity above which the decrease of 
friction force was observed, which testified forming 
the lubricating layer during the rod stroke, were 
as follows: rape oil – 40 mm/s; for soybean oil – 
80 mm/s. 

• Both in the case of rape oil and soybean oil, 
a large influence of the time when the rod remained 
motionless on the recorded values of the friction 
force were observed. Along with the increase of 
the rod motionless time, the friction force was 
higher during its re-start. After 48 hours of the rod 
immobility, the average friction force can be more 
than twice higher than after the break lasting less 
than 5 minutes. After a long break, the variability 
of the registered values of friction force was also 
very large.
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